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(57) Abstract 

Multihydroxy-functional oligophenylene oxide obtainable by reacting a compound containing hydroxyaryl comprising at least three 
hydroxyaryl groups according to formula (I), wherein R 1 - an aromatic, aliphatic or cycloaliphatic group containing 1-50 carbon atoms, 
R 2 , R 3 - H or an aromatic, aliphatic or cycloaliphatic group containing 1-50 carbon atoms, or two of the R 1 , R 2 or R 3 groups together 
constitute a ring structure containing 4-50 carbon atoms with a polyphenylene oxide in the presence of a catalyst complex comprising a 
transition metal and and amine. 
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MULT IHYDROX Y-FUNCT I ONAL OL I GOPHENYLENE OXIDE 

5 

The invention relates to multihydroxy-functional 
oligophenylene oxide* 

Mono- and dihydroxy-f unctional oligophenylene oxides are 
10 known from GB-A-1 , 119 , 914 • This publication describes 
mono- and dif unctional oligophenylene oxides that are 
prepared by a reaction between poly-(l, 4-phenylene oxide) 
and a mono- or diphenol. This reaction is activated by the 
presence of an initiator, such as a peroxide or a catalyst 
15 containing a cupper compound. 

The aim of the invention is the preparation of 
multihydroxy-functional oligophenylene oxides. 

According to the invention these compounds are 
prepared by reacting a compound containing hydroxyaryl 
20 comprising at least three hydroxyaryl groups according to 
the formula 



R 2 




R 3 



where 

30 R 1 = an aromatic, aliphatic or cycloaliphatic group 
containing 1-50 carbon atoms, 

R 2 , R 3 = H or an aromatic, aliphatic or cycloaliphatic 
group containing 1-50 carbon atoms, 

or two of the R 1 , R 2 or R 3 groups together constitute a 
35 ring structure containing 4-50 carbon atoms, with a 

polyphenylene oxide in the presence of a catalystcomplex 
containing a transition metal and an amine, 
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This results in the preparation of multihydroxy- 
functional oligophenylene oxide in a practically pure 
form. 

The multihydroxy-functional oligophenylene oxide 
5 has a high mechanical stability, in contrast with mono- 
and dihydroxy-functional oligophenylene oxides. 
The spherical multihydroxy-functional oligophenylene 
oxides obtained by reaction of, for instance a calixarene 
or a dendrimer with polyphenylene oxide are very suitable 
10 for use as a fluidity improving agent in other polymers, 
such as polyphenylene oxide and mixtures containing 
polyphenylene oxide. 

According to the invention, the reaction between 
the compound containing hydroxyaryl and the polyphenylene 
15 oxide is carried out in the presence of a catalyst complex 
containing a transition metal and an amine. 

As the amine, the catalyst complex may contain 
aliphatic amines or compounds containing pyridine, such as 
diethylamine, dibutylamine, tetramethylene diamine r 
20 oligomer ic amines, polyvinyl pyridine, pyridine and 
dimethylaminopyridine. 

Preferably the catalyst complex contains 
dimethylaminopyridine. 

The catalyst complex also contains a transition 
25 metal. The transition metal is chosen from groups 8-11 of 
the Periodic System of the Elements (Handbook of Chemistry 
and Physics, 70th edition, CRC Press, 1989-1990). 
Preferably the transition metal is chosen from the group 
comprising copper, manganese, iron and cobalt. 
30 With particular preference the catalyst complex contains 
copper . 

Examples of copper compounds which can be used 
are copper (I) chloride, copper (I) acetate or copper (I) 
carboxylate. The halides, acetates and carboxylates of 
35 copper (II) may also be used. 

During the reaction of the polyphenylene oxide 
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with the compound containing hydroxyaryl a 
transether if ication takes place, in which a hydroxyl- 
functional oligophenylene oxide is formed. 
'Transether if ication' is understood to mean: the 
5 redistribution of the phenol monomers constituting the 
polyphenylene oxide among the hydroxyaryl groups of the 
compound containing hydroxyaryl so that oligophenylene 
oxides with the same number -aver age molecular weight are 
formed. An oligophenylene oxide is formed as an 'arm' onto 

10 the compound containing hydroxyaryl. 

'Oligophenylene oxide' is understood to mean an 
oligomer of phenol monomers containing at least one chain 
of monomers that comprises between 2 and 70 monomer units. 

An advantage of the process for the preparation 

15 of the multihydroxy-functional oligophenylene oxides 

described above is that by this process the multihydroxy- 
functional oligophenylene oxides are obtained in a 
practically pure form in a simple way. 

In principle, all compounds containing 

20 hydroxyaryl can be used as the compounds containing 

hydroxyaryl comprising at least three hydroxyaryl groups 
as defined by the above formula. 

Examples of compounds containing hydroxyaryl comprising at 
least three hydroxyaryl groups are: star-shaped phenols, 
25 phenolic resins and other phenol-modified polymers, calix- 
(n)arenes and dendrimers containing terminal hydroxyaryl 
groups. 

Examples of star-shaped phenols are: 2,6-bis- 
(4 '-hydroxy-3 ' , 5 '-dimethylbenzyl )-4-tert iary-butylphenol r 

30 2, 6-bis-(4 '-hydroxy-3 ' ,5 '-dimethylbenzyl )-4-octylphenol, 
2,6-bis-(4 '-hydroxy-3 ',5 '-dimethylbenzyl )-4- 
isooctylphenol , 2 , 6-bis-(4 '-hydroxy-3 ' ,5 '-dimethylbenzyl )- 
4-isopropylphenol, 2,4,6-tri-(4 '-hydroxy-3 ' ,5 '- 
dimethylbenzyl ) phenol , ( 3 , 3 ' , 5 , 5 '-tetra (4 n -hydroxybenzyl )- 

35 4,4' -d ihy dr oxypheny 1 ) methane , (3,3 , ,5,5'-tetra(4 n -hy dr oxy- 
3" ,5 "-dimethylbenzyl) -4,4 '-dihydroxydiphenyl)methane, 2,2- 
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(3,3 ' , 5,5 # -tetra(4 ,, -hydroxy-3 H , 5 n -dimethylbenzyl )-4 , 4 
dihydr oxydiphenyl ) propane , 1,1- (3, 3', 5, 5 '-t etr a ( 4 
hydr oxy-3 " , 5 " -dimet hylbenzy 1 ) -4 , 4 ' - 
dihydr oxydiphenyl ) cyclohexane , 1 , 1 , 4 , 4-tet r a ( 4- 
5 hydroxyphenyl) cyclohexane and 1,1, 4,4-tetra(3,5-dimethyl- 
4-hydroxyphenyl ) cyclohexane. 

Resols and novolaks can be mentioned as phenolic 

resins. 

Examples of other phenol -modified polymers are: 
10 poly(p-hydroxystyrene) , copolymers of p-hydroxystyrene and 

other monomers, terminal-hydroxyaryl-containing 

polycarbonate, polyetherimide and polysulphone. 

Calixarenes are metacyclophanes with a hydroxyl group at 

each 2 position. They are prepared via a base-catalysed 
15 condensation reaction of a p-alkylphenol and formaldehyde. 

They are for example described in 'Calixarenes, CD. 

Gutsche, The Royal Society of Chemistry, Cambridge 

(1989)-. 

Ter t iar y-butylcal ix ( 4 ) ar ene , ter t iar y-butylcal ix ( 6 ) ar ene 
20 and tertiary-butylcalix(8 )arene can for example be 

mentioned as calixarenes. 

Dendrimers are three-dimensional, highly 

branched oligomer ic and polymeric molecules with an 

exactly defined chemical structure. Dendrimers are 
25 generally composed of a core, a number of generations of 

branches and an external surface. 

The generations of branches are composed of structural 
units repeating themselves, which are radially bound to 
the core. The external surface is composed of the 

30 functional groups of the last generation. Examples of 
suitable dendrimers are for example described in Angew. 
Chem. Int. Ed. Engl. 29 (1990), pp. 138-175 and 
PCT/NL93/00008. As the functional groups in the external 
surface, the dendrimers that can be used according to the 

35 invention contain the hydroxyaryl groups according to the 
above formula. Examples of these dendrimers are: 4- 
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cascade: l,4-diaminobutane[4] :N-T-BOC-L-tyrosine- 
propylamide, 8-cascade: l,4-diaminobutane[4] : (1- 
azabutylidene)«:N-T-BOC-L-tyrosine-propylamide) , 16- 
cascade : 1 , 4-diaminobutane [ 4 ] : ( 1-azabutyl idene ) " : N-T-BOC- 
5 L-tyrosine-ptopylamide) , 32-cascade: 1,4- 

diaminobutane[4] : (l-azabutylidene) 28 :N-T-BOC-L-tyrosine- 
propylamide) and 64-cascade: l,4-diaminobutane[4] : (1- 
azabutyl idene ) 60 : N-T-BOC-L-tyr osine-pr opylamide ) . 

As polyphenylene oxide use can be made of all 
10 the known polyphenylene oxides, as for example described 
in 'Encyclopedia of polymer science and engineering. Vol. 
13, John Wiley & Sons, Inc. (1988), pp 1-30'. 

Hydroxyl-functional oligophenylene oxides can be 
used in a wide field of applications. The spherical 
15 multihydroxyl-functional oligophenylene oxides can for 
example be used as fluidity improving agents in other 
polymers. Also conceivable is a mixture of polyphenylene 
oxide and (a) multifunctional oligophenylene oxide(s) that 
makes the polyphenylene oxide better processable. 
20 The multi-hydroxy-functional oligophenylene 

oxides can also be used as fluidity improving agents in 
mixtures of polyphenylene oxide with other polymers, such 
as polystyrene, polyamide-6,6 and polypropylene. Spherical 
multihydroxy-functional oligophenylene oxdies are better 
25 mixable with other polymers than polyphenylene oxide. 
The oligophenylene oxides also possess a high chemical 
resistance. 

To improve the mechanical properties of polymers they can 
be polymerised in thermosets, such as epoxy resin, 
30 (meth)acrylates, polyesters and silicons. Further 

multihydroxy-functional oligophenylene oxides improve the 
f lame-ret ardant properties of thermosets. 

The invention will be further illustrated with 
reference to the examples without being limited hereto. 
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Examples 

The materials and methods used: 

low-molecular -weight PPO: a PPO with an M„ of 
3800, D - 2.5; 
5 - Cu(I)Cl, analytical reagent, from Merck; 

dimethylaminopyridine (DMAP): 99% DMAP from 
Janssen Chimica; 

the number-average molecular weight, M,, was 
determined via X H-NMR using a Bruker AM-400 
10 spectrometer. 

Example I 

5.003 g of PP0-0H = 8200) and 0.6717 g of 
tertiary-butylcalix(8)arene were together dissolved in 250 

15 ml of chloroform. 0.0475 g of CuCl and 0.0974 g of DMAP 
were added as the catalyst. A 20:80 mixture of 
oxygen: nitrogen was bubbled through at 20 ml/min. The 
reaction was carried out for 40 hours at room temperature. 
The product was shaken out using a 10% EDTA solution. The 

20 product was precipitated from the chloroform phase using 
heptane • 

The number-average molecular weight of the oligophenylene 
oxide formed was 11590. The average length of the 
oligophenylene oxide chains was n = 10.7. 

25 

Example II 

4.0 g of 2,6-bis(4'-hydroxy-3',5'- 
dimethylbenzyl)-4-isooctylphenol and 15.4 g of low- 
molecular -weight PPO were dissolved in 200 ml of 

30 chloroform. Then 0.12 g of CuCl and 0.24 g of DMAP in 50 
ml of chloroform were added. After 5 hours' reaction under 
nitrogen, compressed air was passed over the mixture for 
1.5 hours. After another 20 hours' reaction under 
nitrogen, compressed air was bubbled through for 2 hours. 

35 Then the reaction was continued for another 23 hours under 
nitrogen. Then the product was separated from the reaction 
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mixture r washed using a 10% HC1 solution and dried* 
The number -aver age molecular weight of the oligophenylene 
oxide formed was 2764. The average length of the 
oligophenylene oxide chains was n « 5. 

5 

Example III 

5.0 g of 2,6-bis(4'-hydroxy-3',5'- 
dimethylbenzyl)-4-isooctylphenol and 7.7 g of low- 
molecular-weight PPO were dissolved in 200 ml of 

10 chloroform. Then 0.11 g of CuCl and 0.25 g of DMAP in 50 
ml of chloroform were added. After 24 hours' reaction 
under nitrogen, oxygen was passed over the solution for 15 
minutes. Then 5.0 g of pyridine was added, after which the 
reaction was continued under nitrogen. After a total of 72 

15 hours' reaction the product was separated from the 

reaction mixture, washed using a 10% HC1 solution and 
dried. The number-average molecular weight of the 
oligophenylene oxide formed was 1102. The average length 
of the oligophenylene oxide chains was n = 2. 

20 

Example IV 

S ynthesis of a multihvdroxv-functional oligophenylene 
oxide with n = 4 . 

0.209 g PPO-OH (M^ = 2833) and 0.0521 g poly(p- 
25 hydroxystyrehe) (M^ = 30.000) were dissolved in 10 ml 
tetrahydrofyran (THF), 2.5 mg CuCl and 5 mg DMAP were 
added as the catalyst. 

After 3 days reaction under air heptane was added, causing 
the product obtained to precipitate. 
30 In the same way as described above, but with other ratio's 
of PPO-OH versus poly-(p-hydroxystyrene) multihydroxy- 
functional oligophenylene oxides were prepared with n ■ 1 
and n = 20. 
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TABLE 1: 



n 


M» 


1 


3130 


4 


4200 


20 


8370 



Example V 

Synthesis of a mult ihvd roxv-functional olioophenvlene 
oxide with n = 4 
10 5 g PP (Vestoran*, see table) and 1.41 g (2.3 

mmol ) 1 , 1 , 4 , 4-tetrakis ( 4-hydr oxy-3 , 5- 
dimethylphenyl)cyclohexane (1) were dissolved in 60 ml 
boiling THF. 

0.02 g CuCl and 0.042 g DMAP were added as the catalyst. 
15 After the reaction mixture was refluxed for 24 hours 25 ml 

10% HC1 was added during stirring. 

The suspension formed was extracted 3 times with 

chloroform. The collected organic phases were washed with 

a saturated NaCl-solution, dried over Na 2 S0 4 and reduced by 
20 evaporation. 5.58 g (87%) product was obtained. 

The amounts of (1)# CuCl and DMAP were varied for the 

synthesis of the other polymers. 

The polymers obtained were characterised with 'H-NMR and 
gelpermeation chromatography combined with a viscosity 
25 detector. 
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TABLE 2; 



| oligomer n 


Mn (9/mol) 


Mv (g/mol)»> 


— I 

thl (di/g) b) | 


armlength 4 


864 


4800 


0 r 130 


armlength 8 


2028 


15500 


0,245 


armlength 16 


3492 


18700 


0,285 


armlength 32 


5076 


23000 


0,319 


armlength 64 


7518 


33800 


0,387 


Vestoran* - 


9360 


36800 


0,472 



10 a) the molecular weight was determined with 

gelpermeation chromatography according to ASTM-D 
3593-80 

b) the viscosity of each fraction was determined with a 
viscosity detector after gelpermeation chromatography 
15 was performed. This method is described in 'Journal 

of Liquid Chromatography' (1990); Yau W.W. & Rementer 
S.W. ; Vol. 13, page 627. 

The Zimm-Stockmayer theory teaches that the value of 
the ratio between [hletar/thliin indicates the degree 

20 of branching. 

thlatar and t^lliin must be determined on star-shaped 
and linear polymers with comparable molecular weight. 
Calculations of g' = thl.tar/Ehliin show that the 
oligomers with armlength 8, 16, 32 and 64 have a 

25 degree of branching of 4. 

The calculations were performed in the way that is 
described in "Zimm, B.H. and Stockmayer, W.M. ; 
Journal of Chemistry & Physics (1949) , Vol. 17, p. 
1301" , "Zimm, B.H. and Kilb R.W. ; Journal of Polymer 

30 Science (1959), Vol. 37, p. 19" and Roovers J. et 

all; Macromolecules (1993), Vol. 26, p. 4324. 
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Examples VI-XI 

Used Dendrimers ; 

4-cascade: 1, 4-diaminobutane[4] : N-T-BOC-L- 
5 tyrosinepropylamide = DAB(PA) 4 -tyrosine 

8-cascade: 1, 4-diaminobutane[4] : (1-azabutylidene) 4 
: N-T-BOC-L-tyrosinepropylamide) = DAB(PA) 8 -tyrosine 
32-cascade: 1, 4-diaminobutane[4] : (l-azabutylidene) 28 
: N-T-BOC-L-tyrosinepropylamide) = DAB(PA) 32 -tyrosine 
10 - 64-cascade: l,4-diaminobutane[4] : (l-azabutylidene) 60 
•i N-T-BOC-L-tyrosine) and modifications hereof with 
less than 100% L-tyrosine-endgroups. 

Example VI 

15 0.150 g DAB(PA) e -tyrosine in 2 ml 

dimethylsulf oxide (DMSO) was slowly added to a solution of 

I. 14 g PPO (Mn= 5520) in 30 ml chloroform in an argon 
atmosphere. 

II. 5 mg CuCl and 25.4 mg DMAP were added as a catalyst. 
20 The solution was stirred for 4 weeks under argon. The 

product was obtained after shaking the solution with a 10% 
EDTA solution and a 10% HCl-solution, whereafter the 
solution was reduced by evaporation until 15 ml was left 
and was added to 200 ml methanol. 

25 

Examples yil-yill 

Example VI was repeated with DAB(PA) 32 -tyrosine 
and DAB(PA) 64 -tyrosine instead of DAB(PA) e -tyrosine. 

30 Example IX 

Example VI was repeated with 0.12 g DAB(PA) 64 
(80% L-tyrosine; 20% d-phenylalanine) and 0.18 g PPO. 
2.5 mg CuCl and 5.2 mg DMAP were added as the catalyst. 
Chloroform was used as a solvent for the dendrimer. 

35 
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Example X 

Example IX was repeated with 0.32 g DAB(PA) 64 
(50% L-tyrosine; 50% d-phenylalanine) and 1.16 g PPO. 
9.7 mg CuCl and 19.5 mg DMAP were added as the catalyst. 

5 

Example XI 

Example IX was repeated with 0.12 g DAB(PA) 64 
(20% L— tyrosine j 80% d-phenylalanine) and 0.33 g PPO. 
3.5 mg CuCl and 6.7 mg DMAP were added as the catalyst. 

10 

TABLE 3: 



Example 


Arms on 
dendr imer 


% L- 
tyrosine 


n 


% PPO-arms 
in product 


VI | 


8 


100 


22.5 


8 1 


VII 


32 


100 


22.5 


32 1 


VIII 


64 


100 


22.5 


64 || 


IX 


64 


80 


22.5 


51.2 I 


X 


64 


50 


22.5 


32 | 


XI 


64 


20 


22.5 


12.8 1 
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CLAIMS 

1. Multihydroxy-functional oligophenylene oxide 
5 obtainable by reacting a compound containing 

hydroxyaryl comprising at least three hydroxyaryl 
groups according to the formula 



R 2 



10 




R 3 



15 where 

R 1 = an aromatic, aliphatic or cycloaliphatic group 
containing 1-50 carbon atoms, 

R 2 , R 3 - H or an aromatic , aliphatic or cycloaliphatic 
group containing 1-50 carbon atoms, 
20 or two of the R 1 , R 2 or R 3 groups together constitute 

a ring structure containing 4-50 carbon atoms 
with a polyphenylene oxide in the presence of a 
catalyst complex comprising a transition metal and an 
amine. 

25 2. Multi -hydroxy functinal oligophenylene oxide 

according to claim 1, characterised in that the 
compound containing hydroxyaryl is a star-shaped 
phenol . 

3. Multihydroxy-functional oligophenylene oxide 

30 according to claim 1» characterized in that the 

compound containing hydroxyaryl is a dendrimer 
containing terminal hydroxyaryl groups as defined in 
claim 1. 

4. Mixture of a polyphenylene oxide and a multihydroxy- 
35 functional oligophenylene oxide according to any one 

of claims 1-3. 
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